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2 (57) Alistract: Theimrcntionrdatcstoai^n<fetectorandamelhodforpredpitationratemfiasnremen The rain detector con^jrises 
a collection vessel (1) of, e.g.. funnel-like construction, the vessel incorporating a collector end (2) for collecting rainwater and, 
O having a smaller cross-section, a discharge end (3) for passing coDcctBd lainwaler to measurement, and a measnrement section (4) 
^ located in a close vicinity of said discharge end (3) for gauging the collected rainwater. According to die invention, die measnrement 
^ section (4) includes means for determining the volume of a single droplet. 
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Predpiiation sensor and mettiod for precipitation rate measurement 



The invention relates to a lain detector acoarding to the pieamhle nf nlnmii i. 

TTie invention also relates to a mefliod according to the preamble of claim 10 for 
predpitation rate measurement 

The invention is employed in fbo measurement of die intensity and total amomit of 
lain. 

The rain gauges most generally used in the art are known as counting detectors (of 
die tipping bucket type) con^smg a ftmnel-Kke collector with a small-volume col- 
lection vessel placed tiiereundet The collection vessel is ananged to empty itself 
automaticaUy when a predetemiined amount of water is accumulated therein, the 
sin^lest implementation being a tipping-bucket mechanism. The detector delivem a 
count pulse every time the bucket empties itself, whereby one pulse is calibtatBd to 
represent a predetermined amount of lain, e.g., 0.1 mm. Howeva; this type of 
tipping-bucket rain gauge is bampmtd by certain problems a few of them being 
discussed below: 

A basic problem is related to poor resolution of the laan ^nge. Hiis is because the 
resohition is determined by the volume of ooUection budcet Hence, rain aoca- 
mulating to less than tile tippmg buc^ volume remains undetected. 

An additional problem aiises fiom tiie "dead timer of Has detector. Resoltin^y, water 
dropping from tiie coDectionfinnMsl during tiie tqjpmg of flie collection budcet may 
remain ungauged. This defect causes measurement enor particulari^ at hi^ xainfeU 
intensities. 

Measurement error may also be cansed by tiie jamming of the rain gauge due to 
soiling or, e.g., insects entering die detector structures. 
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Atten^tB have been made to solve these problems by means o^ e.g., a detects 
stracture havmg no separate collection vessel, iwfaeieby the water is allowed to exit 
ttie coDector as individual droplets whose number is counted. Counting tains place 
5 so tibat, e.g.^ the &lling droplets are detected as tfaey short-circuit an electrical 

detector circuit (c£ US Pat No. 4,520,667) or are counted optically (cf. international 
patent application PCT/DK98/00425). 

A characterizing feature common to all prior-art constructions is that efforts are 
10 made to design the collector such fhat produces droplets of maximally standardized 
size inespective of the ambient conditions and rain&U intensity. Then, the number of 
droplets is directly proportional to the total amount of rain. A shortcoming herein is 
that the construction of the drbplet-forming portion of the collector becomes mecha- 
nically complicated, easily clogged and costly to manuiacture. However, mechani- 
cally less complicated implementations allow the droplet size of the water exiting the 
collection funnel to vary with changing rainfall intensity thus causing measurement 
error (cf. Stow et al.. Journal of Atmospheric and Oceanic Technology, Vol. 1 S, pp. 
127-135). 

It is an object of the present invention to overcome the problems of die above- 
described prior art and to provide an entirely novel type of rain detector and method 
for measuring rainfidl data. 

The goal of the invention is achieved by a collector constmction conqxrising a 
iimnel-lite collection vessel, wherefiom rainwater exits as single drops, and a sensor 
fliat is functionaHy integrated with the coUector and 
portional to the size of tbe droplet exiting the coUector. 

More specifically, the rain detector according to flie invention is characterized by 
^^lat is stated in the characterizing part of claim 1. 
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Furthennore, the me&od of rain detection according to the invention is characterized 
by what is stated m the characterizing part of claim 10. 

The invention provides signijBcant benefits. 

5 

The invention fecilitates a very uncomplicated and low-cost mechanical construction 
inasmuch aa it allows variations in the droplet size. The collector may be designed 
into a funnel, for instance, that has a straight discharge tube. Thus, soiling or partial 
clogging of ^e collector does not cause a measurmient error provided fbat tiie 
1 0 c ollected water can exit via the dischaige tube under all conditions. Resultingly, any 
measurement error related to varying droplet size can be eliminated. 

Ill the following, the invention will be examined in greater detail with the help of 
exempliiying embodiments illustrated in the appended drawings in which 

15 

FIG. 1 is a schematic viewof a first embodiment of a rain detector accoiding to the 
invention based on a fiirce sensor; 

FIG. 2 is a schematic view of a second embodiment of a rain detector acc<»d]ng to 
20 the invention based on a capacitive sensor; 

FIQ. 3 is ablock diagram of a third embodiment of a rain detector accoiding to fiie 
invention based on a charge sensor; 

25 no. 4 is a block diagram ofa fourth embodimeiit of a rain detector acco^ 
invention based on an optical detection system; and 

FIG. 5 is a gr^h rqnresenting the pulse signal generated by a water droplet in a 
system according to the invention. 

30 



As meofioned above, a rain detector according to the invention co^^xrises: 
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1) a coUector haviiig, e.g., a Aimd--Iike shi^ wher^^ 
single drops and, ftmctionaUy integrated fliereto, 

2) a sensor capable of delivering an output signal pro po rt ional to the size of the 
felling droplet 

The relationship between die droplet volume and detector output signal is resolved 
by either laboratory or field tests. Herein, tiie total amount of rain can be determined 
fiom tfie output signal values by recording die volumes of the sin^e dn^lets and 
dien summing vp the same. The rain intensity is obtained by confuting the clian^ in 
the accumulated rain&U over a predetermined measurement cydc 

Counting of droplet number and volumes can be implemented in plural different 
ways by virtue of, e.g., piezoelectric, capacitive, optical or droplet-chaiging tech- 
niques as follows. 

Detection based on a force sensor 

FIG. 1 illustrates schematically the principle of droplet detection based on a force 
sensor such as a piezoelectric transducer. According to the invention, die rain detec- 
tor conqtrises a collection vessel 1 having a laige-area collection vessel 2 and a 
small-area discharge end 3. Typically, this kind of collector 1 is funnel-sluq>ed. 
Droplets fiilling firom the discharge end 3 of the collector 1 impinge on adetector 
plate 1 1 of rain detector 4 whereto is coimected a piezoelectric force senses 5 . The 
force in^osed by the droplet 1 0 on the detector plate is dependent on the droplet size 
whereby also the magnitude of the voltage pulse generated by die sensor is 
proportional to the size of droplet 10. • 

Particular advantage of piezoelectric detection are in die first hand tiiatttie detector 
portion can be made entirely hermetically sealed so that the electronics of die system 
is protected fiom humidity and dirt Secondly, the power dissipation of die measure- 

tnent systgm can he eagily TtiifMrniMH ngiTig a mirmpmceamr designed tr> ificlii<ie a 

so-called ''sleep-mode" fimction. Residtingly, if no droplets aro detected felling fixmi 
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collector 1 wiflim a given time set in the microi»x)ce8sor control program, the micro- 
piocessor sets liie measurement electronics into a so-called sleep mode of minimal 
power coosunqrtion. The microprocessor can he awatened by taking a control signal 
to a given input thereof When lainfill detection takes place using a piezoelectric 
sensor^ the voltage pulse delivered by the sensor may be used as the awaken signal, 
v^iereby die measurement electronics drcuitiy assumes the measurement mode 
immediately when the first raindrop falls on the rain detector. The force sensor may 
also be implemented using, e.g., a capatniive acceleration sensor, a sensor ma^f. ftjan 
conductive plastic or a sensor made fixim piezoelectric polymer. The droplet vdame 
is detennined conq)utationally in block 13 . In Ueu of using direct force measurement, 
the force sensor may also mdude force-transmittmg constructions such aa lever 
stractores and the like. 



The determination of droplet volume takes place as follows. When hitting the detec- 

i *<»Plate 11, the rainwater droplet inmctsfliereon a force transmitted fiirflier to force 
sensor 5 and then indicated at the output thereof as a voltage pulse. The wavefonn of 
the pulse is recorded in memory and analyzed for at least one parameter known to be 
proportional to the droplet volume. Suitable parametera m Una sense are, e.g., the 
peak-to-peak voltage (Vpp), the maximum or minimmn voltage of the pulse or the 
ftll-widfli vahie at half maximum (wJ4). The typical pulse wavefonn and parametera 
determined therefixm are shown in FIQ. S. 

to certain cases the sensor reqwose may also be affected by fectoTB other flian the 
droplet size, such as tenq)erature, for instance. The values of fliese variables can, 
however, be measured by means of additional sensora and then be inchided in 
computatian as siq^plementary parameters. 

Now, the droplet volume is conqmted using fomrala 
V = f|^l,...pn, ql,...(pn) 
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^ere V is the droplet volume, p 1 . . .pn are tte values of fhe measuiement parameters 
known tobe dqpendent on the droplet size and ql...(pn are die values of tibe 
8iq)plementary parameters such as temperature values. Function f, wbidx is deter- 
mined by laboratoiy or field tests, represents the dq;>endence between die parameters 
5 mentioned above. 

* Detection based on a capacitive teehniqae 

The operating pr in c ip le of this detector implementation is shown in FIG* 2. The 
10 discharge tube 3 of collector 1 is made from a conductive material and has a 
_ conductive ling 12 of larg er diameter placed t hereund er. The detector senses the 
capacitance between the discharge tube 3 and the underlying external ring 12. 
Inasmuch as rainwater xmder all circumstances is at least sli^btly conductive, the 
droplet formed at the exit orifice of the discharge tube acts as a conducting electrode 
16 in the capacitance measurement circuit. Resultingly, also the ci^acitance between the 
discharge tube 3 and the external ring 12 increases with the increasing size of the 
hfmgi'ng droplet until flie droplet 10 &lls and the capacitance assumes its initial 
value. The change in the csqpadtance at the fall of droplet 1 0 is proportional to die 
size of droplet 10, thus being suitable for use as the detector ou^ut signal. The 
20 drc^let volume is determined computationally in blodc 13. 

Detection based on seising dectrical diarge of droplet 

The operating principle of this technique and an exenaplary embodhnent of its meas* 
25 urement electronics circuitiy are shown FIO. 3. Herein, droplets lOfidlingfrom 
coUector 1 are charged by a DC voltage. The magnitude of di^^ 
droplet is proportional to fhe sur&ce area of droplet 10 and, hence, on its volume. 
Droplet 10 is ananged to &U on an underlying coziductive electrode 14\^chis 
connected to the ix^ait of a chargje-sensrtLveanQ>lifie^ IS. Resultin^y, flie output of 
30 the measurement circuit delivers a signal proporti onal to the charge assumed by die 
droplet, which in the implementation shown in diagram is a burst of pulses Mdierein 
the number ofpulses is proportional to Ihe charge of the droplet Obviously, also 
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other techniques of diaige measurement may be used as welL The volume of droplet 
10 is detemained fix»n its chaise cooq)utatioiiany in block 13. 

Optical detection 

5 

Detection may also be inq>lemented using optical tecliniques as abovm in FIG. 4, for 

instance by ananging the faiing droplet to internipt a Ught beam transmitted in 
optical detection unit 9 from a Ught source 11 to a photodiode 12 or the like sensor. 

Since in this teduuque it occurs that die larger the droplet diameter the longer die 
10 dumtion of the ligjit beam intemq>tion, it is possible to use the duration of die li^ 
beam inteinq)tion as the detector output signal. The droplet volume is detennined 
from the ou^ut signal of the «>ptical detectcn: in block 13. 



IS 



In the context of the present appKcation, electrically responsive plastic is understood 
to mean a polymer material in which some electric quality can be affected by an 
external force imposed thereon. This type of electric parameter may be conductivity, 
specific cq>acitaiice or the like variable. 

The funnel of the ^paiatus may also be arranged beatable. Particularly in die 

20 detector ofsnowM, a rain detector equipped with a beatable funnel can deliver 
infonnation on die precipitation rate and die water value of die snow&IL 



wo 03/027719 



PCT/F1O2/00759 



8 

What is claimed is: 

1. A rain detector conqnising 

5 - a rainwater collection vessel (1) o^ e.g., funnel-like construction, the vessel 

incoiporating a collector end (2) for collecting rainwater and, a discharge 
end (3) having a smalls cross-section, for passing collected rainwater to 
measuremen^'and 

10 - ameasurementsection(4)locatedinadose vicimtyof saiddisdiaxgeen^ 

. ^ . (S)Sar snuging the collected raiTiwater, 

characterized in that 

15 — said measurement section includes means (4, 13) for detennixiing^ 

volume of a single droplet 

2. The rain detector of claim 1, characterized in that the measurement section (4) 
includes a force sensor (5) vMch is adapted <m the fill paOi of the single droplet and 

20 serves in the volume determinaHon of tiie filling droplet fiom the detected tnnga of 
thedrcpleL 

rain detector of claim 1 or 2, characteriased in that the force sensor is a 
piezoelechic sensor: 

25 

4. The rain detector of claim 1 or 2, characterized in that the force sensor is a 
cqmdtive acceleration sensoc 

S« The rain detector of claim 1 or 2, characterized in tiiat the ibrc^ 
30 sensor made fiom an electrically responsive polymer material or a piezodectric 
plastic material. 
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6. nie rain detector of claim 1. characterized in that the measurement section 
includes a capacitive sensor (6) adapted on the path of the falling dioplet and capable 
of detennining a c^adtance value proportianal to the volume of the falling dwplet 
and the ram detector fimher includes means (13) for determination of droplet volume 
on tte basis of flie measured cqjacitancft value. 

7. Theraindetectorofclaiml.characterizedinthatthemeasuiementsectiqn 
includes means (7) for charging the falling drc^let ^th an electric charge, co^^ 
mgted with meas urement means (8) for se nsing the v alue of the «d>a i» assumed by 
the droplet, and computational means (13) for detennination of dipplet'mass on the 
basis of flie sensed droplet charge value. 

8. ■I^'BindetectorofclaimlwithcTticalmeans(9)fornieasuringpredpi^^^ 
rate, characterized in that the rain detector additionally includes means (13) for 
detennining droplet volume fipm the optical means ou^ut signal. 

9. "I^e rain detector of any one of foregoing claims, characteifaed in t^ 
prec9)itation collection fuunel is adapted beatable. 



20 



) 10. Amethodforprecqritationratemeasurementcomprisingthestepsof 

- <»nectingprecipitationbymean8<)faiainwBlerconectiQn vessel (1) of, e.g., 
fonnel-Iike construction, the vessel incorporating a collector end (2) for' 
coUectingprecqritation and. a discharge end (3) having a smaUer cross- 
section, forpassmgcoUectedprecqutationtomeasuremenl, and 

- "measuring the coDectedprecipitation ma measurement section (4) located 
in a close vicmity of said discharge end (3), 



25 



characterized in that 
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- the volume of each single droplet of piecipitatioii exiting said dischaxge end 
(3) is deteimiaed in said measurement section* 

5 11. The method of claim 10, characterized in that the force impacted by the felling 
droplet is measured in order to determine the volume of tiie ialling droplet 

12. The method of clahn 10 or 11, characterized in that the droplet impact force 
sensor is a piezoelectric sensoi: 

10 

13. The method of claim 10 or 11, characterized m that the droplet hspact force 
sensor is a capacitive acceleration sensor. 

14. The inefiKKl of claim 10 or 11, characterized in that the droplet inqmct force 

1 5 sensor is a sensor made fiom an' electrically conductive polymer material or a piezo- 
electric plastic material. 

15. Themefhodof claim 10, characterized in that the method comprises the step of 
determining a cs^acitance value which is proportional to the volume of the filling 

20 droplet and flms can be used in the detennination of fbo droplet volume. 

16. The mettiod of claim 10, characterized in that the inethodconq^ 
ofchaxgixig the fi]lirigdr(q>letvid1h an electric charge an^ * 
charge assumed by die droplet, wherefiom Ihe droplet volume is furflier detemdned. 

25 

17. Ihe method of claim 10, charactnized in that an optical techniques is 
enqployed in the detennination of droplet volume. 
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